Introduction
Sugarcane spirit is a drink with alcoholic degree ranging from 38 to 54% (v/v) at 20 °C, obtained from the distillation of fermented sugarcane juice (BRASIL, 2005a) .
The sugarcane spirits are submitted to national legislation (BRASIL, 2005a) , which is under the responsibility of the Ministry of Agriculture, Livestock and Supply (MAPA), which establishes the chemical composition and quality requirements of the beverage (Table 1) .
These standards and their limits have the purpose of controlling the influence of each of these components in the quality of the drink and of protecting public health, what does not mean, however, that the spirit that fits these patterns can be considered a product of higher sensory quality.
For the distillation of the fermented sugarcane juice (wash), large producers use conventional distillation columns, in continuous process. Small and medium producers carry out distillation in stills. In practice, these producers do not usually separate the distillate fractions. Some producers remove a small fraction, the "head", and the minority performs the double distillation. However, the double distillation methodology employed by these few producers does not seem to be the most suitable when aimed at the quality of the distillate. According
The fermentation was conducted in stainless-steel tanks with 13 L of useful capacity. The fermentation temperature was controlled between 28 and 30 °C through a thermostatic bath. The fermentations started with 3 g of dry yeast per liter of juice. The yeast was recycled for two further fermentative cycles by decantation.
The distillation was conducted in rectifying still with gas heating system, copper boiler with 37 L of useful capacity, stainless steel rectifying column with four trays and stainless steel condenser (Figure 1 ).
Three double distillation methodologies were studied. The first one was the methodology commonly used in industrial stills (NOVAES, 1997) , in which the first distillation virtually recovered all the ethanol from the wash, i.e., the wash was distilled until the alcoholic degree of the distillate in the condenser outlet reached the value of 3% of ethanol (v/v). The distillate recovered from the first distillation followed to the second distillation, which carried out the separation of fractions; according to the 10-80-10 percentage composition methodology, referring to the volume of "head", "heart" and "tail" fractions from the second distillate. The "heart" fraction was the spirits itself.
The second double distillation methodology employed was the same used for the cognac production (LÉAUTÉ, 1990) . The first distillation produced a distillate called brouillis. In this first distillation, the distillate was divided into three fractions: "head", "heart" (brouillis) and "tail. " The "head" fraction was equivalent to 0.4% of the volume of the wash added in the distiller boiler. The brouillis was the distillate collected after the "head" fraction until the distillate in the condenser outlet presented 5% of alcohol (v/v). The "tail" fraction was the distillate collected after brouillis. The brouillis was used for the second distillation. Three batches of first distillations were required to produce enough volume of brouillis for the second distillation. In the second distillation, the brouillis was distilled and divided into four fractions: "head", "heart 1" "heart 2" and "tail. " The "head" fraction of the second distillation was equivalent to 1.0% of the brouillis volume added to the boiler. The "heart 1" fraction was the distillate collected after the "head" fraction until the distillate to this methodology (NOVAES, 1997) , in the first distillation, the wash is distilled to recover the entire ethanol. Then, in the second distillation, the following "cuts" in distillate are obtained: "head" fraction (initial 10% of the distillate volume), "heart" fraction or spirits (80% of the distillate volume) and "tail" fraction (final 10% of the distillate volume).
Cognac and whisky production processes use other double distillation methodologies (LÉAUTÉ, 1990; PIGGOTT; CONNER, 2003) , which, according to literature, are the most suitable when aimed at the chemical and sensory quality of the final distillate.
For cognac, the first distillation separates "head" (0.4% of the wine volume), "heart" or "brouillis" (distillate collected after "head" fraction and until the distillate presents 5% of alcohol) and "tail" (distillate collected from 5 to 0% of alcohol) fractions. In the second distillation, the brouillis is divided into four fractions: "head" (1.0% of the brouillis volume), "heart 1" or cognac (distillate collected after the "head" fraction and until the distillate presents 60% of alcohol), "heart 2" (distillate collected between 60 and 5% of alcohol) and "tail" (distillate collected between 5 and 0% of alcohol) (LÉAUTÉ, 1990) .
For whisky, the first distillation recovers the ethanol from wash, without "cuts" of fractions, originating the "low wines". In the second distillation, the "low wines" is distilled with the separation of "head" (2% of the low wines volume, recovered usually from 78 to 75° GL), "heart" or whisky (distilled recovered from 75 to 60° GL ) and "tail" (distillate recovered from 60 to 0° GL) (PIGGOTT; CONNER, 2003).
The objective of this study was to determine the chemical profile of sugarcane spirits produced by different double distillation methodologies in rectifying still and verify its influence on the sensory quality of the distillate.
Materials and methods
Whole sugarcane stalks of the variety SP80-3280 were milled to extract the juice. The extracted juice was filtered on cotton, boiled for 10 minutes, cooled, filtered again and diluted to 18° Brix. The juice was inoculated with Saccharomyces cerevisiae yeasts (strain Y-904) in the form of dried live yeast. vapors from the distillation of wash were collected until the overall distillate presented an average alcohol degree of approximately 43° GL.
Th e distillate fractions from the fi rst and second distillations were analyzed for the concentration of ethanol, volatile acidity, furfural, hydroxymethylfurfural and copper, according to the offi cial methodologies described in Brasil (2005b) .
Th e analyses of esters, aldehydes, higher alcohols and methanol were performed using a GC-037 gas chromatograph equipped with a PAAC 3334-GC packed column and a fl ameionization detector (FID). H2 was used as carrier gas, with a fl ow rate of 30 mL/min. Th e injector temperature was adjusted to 170 °C. Th e column temperature programming was isothermic at 94 °C. Th e detector temperature was adjusted to 225 °C.
Th e spirits were sensory evaluated by analysis of aroma, taste and preference, by a team of 30 untrained tasters, using a 9-point hedonic scale (approved by Ethics Committee Research, number FR 202278). Th e samples were presented to the tasters according to procedures described by Macfi e and Bratchell (1989) .
Th e statistical analysis of data consisted of analyses of variance and Tukey's test at 5% signifi cance (PIMENTEL-GOMES; GARCIA, 2002), using the SAS statistical program (STATISTICAL..., 1996) . in the condenser outlet presented 60% of alcohol (v/v) . Th e "heart 2" fraction was the distillate collected between 60 and 5% of alcohol (v/v). Th e "tail" fraction was the distillate collected aft er the "heart 2" fraction. Th e "heart 1" fraction corresponded to the spirit produced using the cognac methodology.
Th e third double distillation methodology employed was that used for the whisky production (PIGGOTT; CONNER, 2003) . Th e fi rst distillation virtually extracted all the alcohol from the wash, that is, until the distillate in the condenser outlet presented 3° GL measured in alcoholmeter. Th e distillate of the fi rst distillation, called "low wines" followed for the second distillation. Th ree batches of fi rst distillations were required to produce enough volume of "low wines" for the second distillation. In the second distillation, the "low wines" was distillated and divided into three fractions: "head", "heart" and "tail. " Th e "head" fraction was equivalent to 2.0% of the "low wines" volume added to the boiler. Th e "heart" fraction was the distillate collected aft er the "head" fraction, until the distillate in the condenser outlet presented 60% of alcohol (v/v). Th e "tail" fraction was the distillate collected aft er the "heart" fraction. Th e "heart" fraction was the spirit produced using the whisky methodology.
In order to obtain another standard for comparison purposes, a simple distilled spirit was also produced. According to this distillation methodology (NOVAES, 1997), the alcoholic whisky (Table 5 ) provided greater reduction in the concentration of secondary compounds of spirits when compared to the 10-80-10 percentage composition methodology (Table 3) , especially for concentrations of volatile acidity, aldehydes, esters, higher alcohols and congeners (Table 6 ).
When a second distillation is conducted, part of the water in the wash has already been removed by the first distillation, concentrating the distillate of the first distillation in ethanol and volatile secondary compounds. Therefore, the purpose of the second distillation is to remove contaminants and to reduce the concentrations of secondary compounds in order to improve the quality of the distillate and make it suitable to legislation. Accordingly, taking as reference the chemical composition of the distillates of the first distillations, the double distillation methodologies based on the cognac and whisky production provided greater reduction in the concentration of secondary compounds of spirits than the 10-80-10 percentage composition methodology -especially for concentrations of volatile acidity, aldehydes, esters, methanol, higher alcohols and congeners (Table 7 ). In addition, the second distillation of 10-80-10 percentage composition methodology resulted in increased concentration of higher alcohols and congeners in the spirits.
Acetic acid is an important compound for the quality of sugarcane spirits, since the lower the acidity of the drink, the better its acceptance by consumers (MIRANDA et al., 2008) .
As for aldehydes, a low content in beverages is frequently associated with an improvement in quality, since they are usually associated with intoxication and "hangover" symptoms such as nausea, vomiting, restlessness, sweating, confusion, decrease in blood pressure, higher heart rate and headache (NASCIMENTO et al., 1997) . Acetaldehyde and other short-chain aliphatic aldehydes have pungent odor, which may increase the tang of distilled beverages (NYKÄNEN, 1986; RODRÍGUEZ; MANGAS, 1996) . In general, aldehydes with up to eight carbon atoms, such as acetaldehyde (C2H4O), formaldehyde (CH2O), acrolein (C3H4O), benzaldehyde (C7H6O) and furfural (C5H4O2), have penetrating odors, generally sickening, which are considered undesirable in spirits. On the other hand, larger aldehydes, which contain up to ten carbon atoms, have pleasant aroma (MAIA, 1994) . In the same way, esters are usually desirable because they improve the flavor of spirits.
Results and discussion
Compared to simple distillation, double distillation, in spite of the methodology, has reduced the concentrations of volatile acidity, aldehydes, esters, methanol, higher alcohols, and consequently, the congeners of the produced spirits.
Considering the chemical composition of the spirit produced using simple distillation methodology (Table 2) , the double distillation methodologies based on cognac (Table 4) and Methanol is an undesirable alcohol in spirits because it may cause toxic symptoms such as headache, dizziness, vomiting and diverse pain, and its intake for long periods, even in small doses, can lead to blindness and even death (LAMIABLE et al., 2004; GEROYIANNAKI et al., 2007) .
From the quantitative point of view, the formation of higher alcohols depends mainly on the yeast strain used. Due to the characteristic aroma, higher alcohols have a strong influence on the taste of spirits. Higher alcohols, with three to five carbons, have characteristic odors, traditionally associated with spirits. Above five carbons, these alcohols become oily, and some of them recall the smell of flowers (MAIA, 1994) .
The spirits produced by simple distillation (Table 2) were out of the standards set by legislation in force (Table 1) for the concentrations of aldehydes, higher alcohols and congeners.
The alcoholic concentration of spirits produced by double distillation methodology (Tables 3, 4 and 5) are above the maximum levels allowed by the Brazilian legislation (38 to 54% v/v). The first distillations, which started from a wash with about 10% (v/v) of ethanol, provided the concentration of the distillate up to 32-35% of ethanol (v/v), depending on the double distillation methodology used. Thus, second distillations, which started from alcoholic mixtures with 32-35% (v/v) of alcohol, produced spirits with alcohol concentration above 54% (v/v). However, this would not be a problem, since the aging of spirits in wooden barrels could attenuate its alcoholic concentration and also, spirits could be diluted with potable water to alcoholic concentrations within the limits set by law.
The concentrations of secondary compounds of spirits produced by double distillation processes (Tables 3, 4 and 5) are in accordance with the Brazilian legislation (Table 1) , except for higher alcohols. However, the concentration of higher alcohols, within certain limits, does not seem to be a parameter that negatively affects the quality of spirits, since single malt whisky and cognac analysis showed that they had higher alcohol concentrations -from 438 to 478 mg.100 ml -1 of anhydrous alcohol (Table 8) .
Regardless the methodology employed, the spirits produced by double distillation obtained higher sensory acceptance when compared to spirits produced by simple distillation. Among spirits produced by double distillation, those produced according to the methodology used for whisky production obtained the best scores from appraisers for the aroma and flavor parameters and were also the most preferred. Spirits produced using the 10-80-10 methodology received the worst scores among the spirits produced by double distillation (Table 9) . Table 7 . Percentage of reduction in the concentration of secondary compounds of the spirits produced by double distillation, taking as reference the concentration of secondary compounds in the distillate of the first distillation. 
Conclusions
Compared to simple distillation, the double distillation methodology improved the chemical quality of the spirits, since it provided reduction in the concentrations of volatile acidity, aldehydes, esters, methanol, higher alcohols, and consequently, the coefficient of congeners of the produced spirits.
The double distillation methodology also improved the sensory quality of spirits. Among the double distillation methodologies tested, the spirits produced by the methodology used for whisky production obtained the best sensory acceptance.
